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Description 

[0001 ] This invention relates to the production of a ret- 
roviral vector which is capable of expressing multiple 
protein translation events from a single polycistronic 
mRNA; without the use of internal promoter elements. 
[0002] Retroviral vectors are useful as agents to me- 
diate retroviral-mediated gene transfer into eukaryotic 
cells. Such vectors are generally constructed such that 
the majority of sequences coding for the structural 
genes of the virus are deleted and replaced by the gene 
(s) of interest. 

[0003] These new genes have been incorporated into 
the proviral backbone in several general ways. The most 
straightforward constructions are ones in which the 
structural genes of the retrovirus are replaced by a sin- 
gle gene which then is transcribed under the control of 
the viral regulatory sequences within the long terminal 
repeat (LTR). Retroviral vectors have also been con- 
structed which can introduce more than one gene into 
target cells. Usually, in such vectors one gene is under 
the regulatory control of the viral LTR, while the second 
gene is expressed either off a spliced message (1 , 2) or 
is under the regulation of its own, internal promoter. 
[0004] Efforts have been directed at minimizing the vi- 
ral component of the viral backbone, largely in an effort 
to reduce the chance for recombination between the 
vector and the packaging-defective helper virus within 
packaging cells. A packaging-defective helper virus is 
necessary to provide the structural genes of a retrovirus, 
which have been deleted from the vector itself. 
[0005] Gene therapy or drug delivery via gene trans- 
fer entails the creation of specialized vectors each vec- 
tor being applicable only to a particular disease. Thus, 
it is desirable that a vector cloning system be available 
which consistently maintains the necessary safety fea- 
tures yet permits maximal flexibility in vector design. 
Subtle changes in gene position, or in the specific com- 
bination of regulatory sequence(s) with the gene of in- 
terest, can lead to profound differences in vector titer or 
in the way that transferred genes function in target cells. 
[0006] Current vector designs require the use of inter- 
nal promoter elements in a retroviral vector in order to 
initiate an internal mRNA. Therefore, when multiple 
genes were desired in a retroviral vector, it would be 
necessary to have multiple promoter elements within 
the one retroviral vector. One potential problem with ret- 
roviral vectors containing multiple transcription units is 
that, it has been observed that if selection is applied for 
one gene, expression of the other gene can be reduced 
or lost completely. This has been termed promoter sup- 
pression (3,4). 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a retroviral ex- 
pression vector which encompasses a first DNA se- 
quence which encodes for the expression of a first pro- 



tein and a second DNA sequence which encodes for the 
expression of a second protein. The vector includes a 
first promoter sequence for expressing mRNA from from 
both the first and second DNA sequence and an internal 

5 ribosome entry site between the first and second DNA 
sequence. The promoter sequence, the first DNA se- 
quence, the internal ribosome entry site and the second 
DNA sequence are operably linked in the retroviral vec- 
tor to produce a polycistronic mRNA and expression of 

10 first and second independent proteins from the mRNA 
expressed by the promoter sequence. 
[0008] An embodiment of the present invention pro- 
vides for the retroviral vector described above wherein 
the internal ribosome entry site is from a picornavirus. 

15 [0009] Gene expression in the picornaviridae famly of 
viruses is unusual in that their 5' mRNA terminus is 
pUp...and they possess long untranslated leader se- 
quences (5-6). Analysis of picornaviruses indicate that 
they are able to bypass the standard ribosome scanning 

20 model of translation and begin translation at internal 
sites (8-11). Internal ribosome entry sites (IRES) have 
been identified in the long 5' untranslated regions of pi- 
cornaviruses which can be removed from their viral set- 
ting and linked to unrelated genes to produce polycis- 

25 tronicmRNAs (8,10,12). 

[001 0] Embodiments of the present invention relate to 
operably linking picornavirus IRES elements to various 
genes and the insertion of these IRES-gene fusions into 
retroviral vectors which are translated to yield functional 

30 gene products. These picornavirus IRES vectors permit 
several proteins to be produced from a single vector 
without alternate splicing or multiple transcription units 
thus eliminating the potential of promoter suppression. 
Additionally, the coupling or translation of two (or more) 

35 different proteins may have significant applications in 
human gene therapy where the expression in a given 
cell of multiple heterologous proteins or distinct subunits 
of a multimeric protein is necessary. 

40 BRIEF DESCRIPTION OF THE DRAWING 

[0011] Figure 1. EMC CAT Vector. Shown on the top 
of the figure is a diagram of the EMC/CAT vector 
G1N2ECt and the control CAT vector L H CtSN. Below is 

45 shown the autoradiograms from CAT enzyme analysis 
(1 hr. incubation). Lane 1, producer cells transfected 
with pTM1-CAT; lane 2, G1N2ECt transfected producer 
cells; lane 3, L H CtSN transfected producer cells; lane 4, 
G1N2ECttranduced NIH/3T3 cells; and lane 5, L H CtSN 

so transduced NIH/3T3 cells. 

[001 2] Figure 2. EMC p-GAL Vector. Shown on the top 
of the figure is a diagram of the EMC/p-gal vector 
G1N2EBg and the control f*-gal vector, G1N2SvBg. Be- 
low is shown photomicrographs of in situ stained pro- 

55 ducer cell lines transfected with the indicated vectors. 
[0013] Figure 3. ADA EMC Vector. Shown on the top 
of the figure is a diagram of the EMC/ADA vector 
GINaEA, and the control ADA vector, SAX. Panel A, 
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starch gel analysis for ADA enzyme activity, equal 
amounts of total cell lysates were used for each sample, 
the location of the human (Hu) and mouse (Mo) ADA 
enzymes are indicated. Lane 1, SAX producer cells; 
lane 2, GINaEA producer cells; lane 3, NIH/3T3 cells; 
lane 4, SAX transduced 3T3 cells; and lane 5, G1 NaEA 
transduced 3T3 cells. Panel B, Northern blot analysis 
using 20 jag of total cell RNA with the indicated probes; 
ADA, lanes 1 and 2; NEO lanes 3 and 4. Samples were 
as follows: lanes 1 and 3, RNA from SAX producer cells; 
lanes 2 and 4, RNA from GINaEA producer cells. The 
transcripts originating from the LTR or SV40 promoters 
are as indicated. 

[0014] Figure 4. sCD4-ADA-NEO Triple Gene Vector. 
Shown on the top of the figure is a diagram of the LS- 
CEASN (sCD4,ADA, and NEO) triple gene vector. Be- 
low is shown the results of ADA starch gel analysis from 
12 G418 R producer cell clones (numbers 1-12, ^hu- 
man control, M=mouse control) and the amounts of 
sCD4 produced in the culture medium as measured by 
ELISA. 

[0015] Figure 5. NEO-ADA-CAT Triple Gene Vector. 
Shown on the top of the figure is a diagram of the 
LNEASCt (NEO, ADA, and CAT) triple gene vector. Pan- 
el A, autoradiogram of resultant CAT activity from 12 
G41 8 R producer cell clones (number 1-12), and the titer 
measured on NIH/3T3 cells of G418 R cfu/ml obtained 
from the producer cells. Panel B, ADA starch gel anal- 
ysis from the 12 producer cell clones (numbers 1-1 2), C 
= NIH/3T3 cells, human (Hu) and mouse (Mo) ADA 
bands are indicated. 

[0016] Figure 6. Expression in Triple Gene Trans- 
duced Cells. Panel A, resultant autoradiogram of CAT 
enzyme analysis from 12 NIH/3T3 cell populations 
transduced and selected with supernatant from the 12 
producer cell clones in Figure 5. Panel B, ADA starch 
gel analysis analysis from 9 NIH/3T3 cell populations 
transduced and selected with supernatant from the 9 in- 
dicated producer cell clones used in Figure 5. Control 
3T3 cells were in lane C, the position of the human (Hu) 
and mouse (Mo) ADA bands are indicated, all human 
ADA bands were easily visible in the original wet gel. 
[0017] Figure 7. Polio IRES Vector Shown on the top 
of the figure are diagrams of the CAT constructs tested 
in this experiment. Below, autoradiogram of the CAT en- 
zyme analysis (1 hr. incubation) from G418 R producer 
cell lines transfected with lane 1, LNPCt; lane 2, 
GINECt, lane 3, LCtSN, and lane 4, GINaNECt. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] It is therefore an object of the present invention 
to provide a retroviral vector which is capable of ex- 
pressing multiple genes from a single mRNA using in- 
ternal ribosome entry sites. It is a further object of the 
present invention to provide a retroviral expression vec- 
tor capable of expressing multiple proteins from a host 
genome . 



[0019] The retroviral expression vector comprises a 
first DNA sequence which encodes for the expression 
of a first protein and a second DNA sequence which en- 
codes for the expression of a second protein. The vector 

5 also includes a first promoter sequence for expressing 
mRNA from both the first and second DNA sequences 
and picornavirus internal ribosome entry site between 
the first and second DNA sequences. All of these ele- 
ments (the promoter sequence, the first DNA sequence, 

10 the internal ribosome entry site and the second DNA se- 
quence) are operably linked in the retroviral vector to 
produce polycistronic mRNA and expression of first and 
second independent proteins from the mRNA ex- 
pressed by the promoter. 

15 [0020] An embodiment of the present invention pro- 
vides for the retroviral expression vector described 
above wherein the internal ribosome entry site is from 
a picornavirus. An embodiment of this expression vector 
wherein the picornavirus IRES is from encephalomyo- 

20 carditis virus, preferably, nucleotide nos. 163 to 746 of 
the encephalomyocarditis virus. 
[0021] Another embodiment of this invention provides 
an expression vector wherein the picornavirus IRES is 
from poliovirus, preferably, nucleotide nos. 28 to 640 of 

25 poliovirus. 

[0022] The retroviral vector of the present invention 
may also provide for the first promoter being LTR se- 
quences from a retroviral genome. 
[0023] Additionally, the present invention provides for 

30 a eukaryotic cell, preferably an animal cell, most prefer- 
ably a human cell(s) which as been genetically engi- 
neered using the above retroviral vector. Representa- 
tive examples of such human cells include, hepatocytes, 
endothelial cells, bone marrow cells, fibroblasts, etc. 

35 [0024] Another object of the present invntion provides 
a process for producing a retroviral vector capable of 
producing polycistronic mRNA and capable of express- 
ing at least two independent proteins. The method in- 
volves operably linking in a retroviral expression vector 

^o a first DNA sequence for encoding the expression of a 
first protein, a second DNA sequence for encoding the 
expression of a second protein, a first promoter se- 
quence for expressing mRNA from both the first and 
second DNA sequences and an picornavirus internal ri- 

45 bosome entry site between said and first and second 
DNA sequences. 

[0025] An embodiment of this object of the present in- 
vention provides for producing a retroviral vector as 
identified above wherein the promoter is LTR sequenc- 

50 es of a retrovirus genome. 

[0026] The process described above provides for the 
internal ribosome entry site derived from a picornavirus. 
Examples of such picornaviruses include but are not lim- 
ited to encephalomyocarditis, preferably nucleotide nos. 

55 163-746 and poliovirus, preferably nucleotide Nos 
28-640, foot and mouth disease virus preferably nucle- 
otide numbers 369-804. 

[0027] Additionally the process described above pro- 
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vides for an animal cell which may be genetically engi- 
neered using the retroviral vector produced by the 
above process. 

[0028] In a preferred embodiment the retroviral ex- 
pression vector will contain at least one DNA sequence 
which encodes for the expression of a therapeutic pro- 
tein. The term therapeutic protein is used in its broadest 
sense and means any protein or material which has a 
beneficial effect on the host. The therapeutic protein 
may be the form of one or more proteins. As represent- 
ative examples, there may be mentioned: soluble CD- 
4, Factor VIII, , Factor IX, von Willebrand Factor, TPA; 
urokinase; hirudin; the interferons; tumor necrosis fac- 
tor, the interleukins, hematopoietic growth factors 
(G-CSF, GM-CSF, IL3, erythropoietin), antibodies, glu- 
cocerebrosidase; adenosine diaminose (ADA); chlo- 
ramphenicol acetyl transferase (CAT); p-galatosidase 
((3-gal); phenylalanine hydroxylase, human growth hor- 
mone, insulin, etc. The selection of a suitable DNA se- 
quence for a therapeutic protein is deemed to be within 
the scope of those skilled in the art from the teachings 
herein. 

[0029] Many retroviral vectors may be constructed to 
include the elements of the retroviral vector as claimed 
herein. Examples of such retroviral vectors are as fol- 
lows: Moloney leukemia virus, spleen necrosis virus and 
vectors derived from retroviruses such as Rous sarco- 
ma virus and Harvey sarcoma virus. Specific vectors 
which may be constructed in accordance with the 
present invention are described in the examples here- 
inbelow. 

[0030] Bender et al., J.Virol. 61:1639-1649 (1987) 
have described a described a series of vectors, based 
on the N2 vector (Armentano, et al., J. Virol., 61: 
1 647-1 650) containing a series of deletions and substi- 
tutions to reduce to an absolute minimum the homology 
between the vector and packaging systems. These 
changes have also reduced the likelihood that viral pro- 
teins would be expressed. In the first of these vectors, 
LNL-XHC, there was altered, by site-directed mutagen- 
esis, the natural ATG start condon of gag to TAG, there- 
by eliminating unintended protein synthesis from that 
point. In Moloney murine leukemia virus (MoMuLV), 5' 
to the authentic gag start, an open reading frame exists 
which permits expression of another glycosylated pro- 
tein (pPr809 a 9). Moloney murine sarcoma virus 
(MoMuSV) has alterations in this 5' region, including a 
frameshift and loss of glycosylation sites, which obviate 
potential expression of the amino terminus of pPr809 a 9. 
Therefore, the vector LNL6 was made, which incorpo- 
rated both the altered ATG of LNL-XHC and the 5' por- 
tion of MoMuSV. The 5' structure of the LN vector series 
thus eliminates the possibility of expression of retroviral 
reading frames, with the subsequent production of viral 
antigents in genetically transduced target cells. In a final 
alteration to reduce overlap with packaging-defective 
helper virus, Miller has eliminated extra env sequences 
immediately preceding the 3' LTR in the LN vector (15). 



[0031 ] Herein applicants have described that picorna- 
virus IRES elements can be linked to various genes and 
that the gene-IRES fusions, when inserted into retroviral 
vectors are translated to yield functional gene products. 

5 These IRES vectors permit several proteins to be pro- 
duced from a single vector without alternate splicing or 
multiple transcriptions units thus eliminating the poten- 
tial of promoter suppression. Furthermore, the coupling 
of translation of two (or more) different proteins may 

10 have significant applications in human gene therapy 
where the multimeric protein is necessary. 
[0032] Additionally, vectors containing mutiple IRES- 
gene fusions in the same construct using combinations 
of the EMC and poliovirus IRES elements can be con- 

15 structed. 

[0033] In multiple IRES constructs, a single transcrip- 
tion event would generate a polycistronic mRNA that 
could be translated to yield multiple proteins without uti- 
lizing any internal promoters. 

20 [0034] Although the retroviral vector is preferably 
used for therapeutic purposes in the area of gene trans- 
fer or gene therapy in humans, the vector may also be 
employed for transducing cells for in vitro applications; 
i.e., producing two different proteins in eukaryotic cells. 

25 [0035] The coupling of independent protein transla- 
tions can have several advantages in human gene ther- 
apy situations where multiple proteins are needed. An 
example, of such a situation includes engineering cells 
to express heterologous proteins which are more effi- 

30 cient at a given task (e.g. reducing the thrombogencity 
with combinations of TPA plus UPA). It may be further 
advantageous to have the production of a potentially 
physiologically dangerous protein be coupled to that of 
a conditional cell lethal protein (e.g., tumor necrosis fac- 

35 tor with herpes virus thymidine kinase). 

[0036] The following examples are intended to further 
illustrate that internal ribosome entry sites can be used 
to produce expression vectors capable of expressing 
multiple genes, however, the scope of the invention is 

40 not intended to be limited thereby. 

MATERIAL AND METHODS 

[0037] (A) Molecular Constructs. All molecular con- 
45 struction techniques used were under standard condi- 
tions as described previously (25). G1N2ECt and 
G1N2EBg vectors, were constructed from the T7 RNA 
polymerase expression plasmids pOS6 and pOS8 re- 
spectively (13, 14); B. Moss, National Institutes of 
50 Health, Bethesda, MD). pOS6 was constructed by ligat- 
ing the 0.8kb Ncol-Bam HI fragment of pT7EMCAt (13) 
B. Moss, National Institutes of Health, Bethesda, MD) 
into Nco l-Bam HI sites of the pTM1 vector (26) Bernard 
Moss, National Institutes of Health, Bethesda, MD). 
55 pOS8 was constructed by Eco Rl digestion/Klenow fill- 
in and selfligation, followed by digestion with Bam HI 
and ligation with the 3.0kb Bam HI fragment of p11X B 
(Bernard Moss, National Institutes of Health, Bethesda). 
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Cla I plus Bsp Mil were used to excise T7- EMC/CAT and 
T7-EMC/p-gal expression cassettes. The resulting frag- 
ments were made blunt ended by Klenow fill-in, and 
ligated into the Hind III cut/Klenow fill-in site of pG1N2 
to produce pG1 N2ECt, and pGIN2EBg. To construct an 
EMC/ADA vector, the EMC IRES was isolated from 
pTM1 using polymerase chain reaction (PCR; 30 cycles: 
92°C, 2 min., 56°C, 2 min., and 37°C ( 3 min.) amplifica- 
tion/restriction enzyme site addition (1^M each oligonu- 
cleotide primers, 5'-AACGGTTTCCCTCGAGCGGGAT- 
CA-3' plus S'-TTTGTTAGCAGCCGGATCGT-S' in 100^1 
volume containing 50mM KCI, 10mM Tris-HCI pH8.3, 
1.5mM MgCI 2 , 0.1% gelatin, 200^iM each dNTP, and 
2.5U Tag DNA polymerase) to yield a fragment with Xho 
I ends which was cloned into the Xho I site Bluescript II 
SK+(Stratagene, La Jolla CA) to yield pEMC-F. PCR (30 
cycles: 92°C, 2 min., 56°C, 2 min., and 37°C, 3 min.) 
was similarly used (1|iM each oligonucleotide primers 
5'-TGCGAGACCATGGGACAGACGCCC-3'plus5'-CG- 
GAAGTGTGATCACCTAGGCGAC-3' in 100fil volume 
containing 50mM KCI, 10mM Tris-HCI pH8.3, 1.5mM 
MgCI 2 , 0.1% gelatin, 200^M each dNTP, and 2.5U Taq 
DNA polymerase) to produce a fragment containing the 
ADA gene using the SAX retroviral vector (20) (W. 
French Anderson, National Institutes of Health, Bethes- 
da, MD) as a template. The ADA fragment was digested 
with Nco I plus Xba I and cloned into the corresponding 
sites in pEMC-F to produce pEMCADA. The EMC/ADA 
fragment was excised by Xba I digestion/Klenow fill-in 
plus Xho I digestion and ligate to Apa I cut/T4 DNA 
polymerase fill-in plus Xho I cut retroviral vector pG1 Na, 
to produce pGINaEA. The starting vectors for the triple 
gene cosntructs, LSCSN and LNSvCt were produced 
by inserting the soluble CD4 gene and CAT gene into 
the Eco Rl plus Xho I (for CD4) or Hind III (for CAT) sites 
of LXSN and LNSC respectively (15) (A. Dusty Miller, 
Fred Hutchinson Cancer Center, Seattle, WA). The EM- 
CADA fragment was excised from pECADA by Xba I di- 
gestion/Klenow fill-in plus Xho I digestion and ligated to 
Bam HI cut/Klenow fill-in plus Xho I LSCSN to produce 
LSCEASN. To produce LNEASCt, pEMCADA digested 
with Xho I plus Xba I, filled in with Klenow and ligated 
to Bam HI cut/Klenow fill-in LNSvCt. The polio IRES vec- 
tor was constructed by PCR amplification/restriction site 
addition (1uM each oligonucleotide primers 5'-CCCA~ 
GATCTCCACGTGGCGGC-3' plus 5'-ACCGGAAG- 
GCCTATCCAATTC-3 , in 100^1 volume containing 
50mMKCI, 10mM Tris-HCI pH8.3, 1.5mM MgCI 2 , 0.1% 
gelatin, 200|iM each dNTP, and 2.5U Taq DNA polymer- 
ase) using pPV16 as a template (7), Bernard Moss, Na- 
tional Institues of Health, Bethesda, MD). The PCR gen- 
erated a fragment with Bgl II and Stu I ends which was 
ligated into Bam HI plus Stu I cut LNSvCt to yield LNPCt. 
The vector G1 NECt is similar to G1 N2ECt but contains 
a slighlty different NEO gene. .Vector GINaNECt was 
constructed by Nco I digestion/Klenow fill-in plus Xho I 
digestion of pTM1 , followed by ligation in to Bam HI cut/ 
Klenow fill-in plus Xho I cut pG1 Na. LCtSN and L H CtSN 



were constructed by ligating a Hind Hill cut/Klenow fill- 
in CAT fragment into the Hpa I site of LXSN and L H XSN 
respectively (the L H XSN vector is the same as LXSN 
but with a substituted U3 region from Harvey murine sar- 
5 coma virus (Larry Couture, National Institutes of Health, 
Bethaesda, MD). The preparation of vectors pG1N2, 
pG1Na, and pG1N2SvBg is disclosed in Wo91/10728, 
M. Eglitis, et al. 

10 CELL CULTURE AND VECTOR PRODUCTION 

[0038] Retroviral vector producer cell lines were gen- 
erated by the micro-ping-pong procedure (16,17). In 
brief, 50 ug of DNA was used to transfect (via calcium 
phosphate coprecipitation) a mixture of the ecotropic 
packaging cell line GP+E-86 (23) (Arthur Banks, Colum- 
bia University, New York, N.Y.), and the amphotropic 
packaging cell line PA317 (24) (A.D. Miller, Fred Hutch- 
inson Cancer Center, Seattle, WA). The packaging cell 

20 line mixtures are maintained in culture for at least one 
week to permit vector amplification. Selection for vector 
integration is obtained by growth in the presence of the 
neomycin analog G418 (400 ug/ml active concentra- 
tion). Recombinant retroviral vector preparations were 

25 prepared by harvesting cell culture medium from con- 
fluent 100mm tissue culture dishes following 24 hr incu- 
bation in 10ml fresh culture medium (Dulbecco's modi- 
fied Eagle's medium containing 10% fetal bovine se- 
rum). Cell free supernatants were collected by filtration 

30 through 0.22 urn filter units and stored at-70°C until use. 
Transduction of mouse NIH/3T3 cells was conducted by 
incubation with recombinant viral supernatant contain- 
ing 8 ug/ml polybrene at 37°C for 2 hr, followed by re- 
moval of virus-containing medium and replacement with 

35 fresh culture medium. Transduced cell populations were 
selected by growth in G418 (400 ug/ml) for 10-14 days. 
Cell clones were obtained using cloning rings following 
limiting dilution. GENE EXPRESSION ASSAYS CAT 
enzyme assays were performed by first lysing cells (at 

40 4°C) in 0.25M Tris-HCl(pH 7.5)/0.1% NP-40, followed 
by freezing on dry ice, thawing at 37°C (5 min), heating 
to 60°C (15 min) and removal of cellular debris by cen- 
trifugation (top sped, eppendorf microcentrifuge, 4°C, 5 
min). After normalization for equal amounts of protein 

45 (Bio-Rad Protein Assay), cell extracts were mixed with 
acetyl-CoEnzyme A and 14C-chloramphenicol and in- 
cubated at 37° C for 1 -4 hours as necessary to stay with- 
in the linear range of CAT activity. Chloramphenicol and 
acetyl ated prducts were extracted with ethyl acetate and 

50 applied to thin layer chromatography plates. Chromato- 
graphs were run in 95% CHCL 3 5% methanol. Imaging 
was obtained by autoradiography and quantitation by di- 
rect beta particle counting of the TLC plates on a Beta- 
scope 603 instrument. In situ staining for p-galactosi- 

55 dase and assays were performed as described (1 unit 
of p-gal = the amount of enzyme that hydrolyzes 1 umole 
ONPG to O-nitrophenol/min at 30°C, pH=7.5) (18). 
Northern blot analysis was performed on formaldehyde 
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agarose gels using RNA extracted with RNazol (CINNA 
Biotex, Friendswood, TX). ADA assays were performed 
on starch gels as described (1 9). Soluble CD4 levels 
were measured using a CD4/gpl20 capture ELISA 
(American Biotechnologies, Cambridge, MA). 
[0039] Construction of EMC reporter gene vec- 
tors. To determine if the picornavirus IRES elements 
could function in a retroviral vector, we transferred two 
IRES - containing prokaryotic reporter genes from plas- 
mids pOS6(CAT) and pOS8 (p-gal) into NEO-containing 
retroviral vectors. The two plasmids (pTMI-/CAT pTMl- 
Bgal) use the IRES from encephalomyocarditis (EMC) 
virus to increase the translation of mRNAs expressed 
from a bacteriaophage T7 RNA polymerase transcrip- 
tion unit (13,14). The two reporter gene vectors con- 
structed, G1N2ECt and G1N2EBg, were then intro- 
duced into retroviral vector packaging cell lines along 
with control vector and plasmid DNAs. In the first exper- 
iment (Fig.1) we transfected the pTM1-CAT plasmid 
(lane 1), G1N2ECt (lane 2) or L H CtSN (lane 3) into a 
PA317/GP+E-86 coculture and expanded the cells in 
culture for two weeks to allow vector spread. Cell lysates 
were prepared and equal amounts of protein used to as- 
say for CAT activities as described (see methods). Fig- 
ure 1 clearly shows significant CAT activity, from the 
G1N2ECt IRES vector in comparison to the activity driv- 
en by the very strong chimeric LTR in L H CSN. No activity 
is seen in the control cells and CAT expression is de- 
pendent on the presence of an IRES element (Fig. 7). 
Quantitation of CAT activity, performed in the linear 
range, indicated that G1 N2ECt containing cells produce 
55% of the L H CtSN activity. To rule out the possibility 
that the EMC IRES was some how serving as a promot- 
er element in the context of a retroviral vector, a con- 
struct with the EMC/CAT fusion in the reverse orienta- 
tion was produced and tested. No CAT activity was ob- 
served from the reverse orientation EMC/CAT vector 
(data not shown). 

[0040] Retroviral vector containing supernatant from 
the G 1 N2ECt and L H CtSN producer cells was then used 
to transduce NIH/3T3 cells. Following transduction, the 
cells were cultured for five days and then harvested for 
CAT assays. The CAT activity for G1 N2ECt transduced 
3T3 cells (lane 4) and for L H CtSN transduced 3T3 cells 
(lane 5) is shown in Figure 1 . The data indicate that the 
G1N2ECt IRES vector can produce a functional retrovi- 
ral vector particles that can productively transfer and ex- 
press a IRES/reporter gene in an appropriate target 
cells. 

[0041] Next, we constructed a retroviral vector con- 
taining the EMC IRES linked to the p-galactosidase re- 
porter gene. The G1N2EBg vector was transfected into 
a packaging cell line coculture with pTM1-6Gal and 
G1N2SvBg serving as controls. Following a two week 
culture to permit vector spread, the producer cells were 
assayed for p-galactosidase activity by an in situ en- 
zyme activity assay. Figure 2 shows numerous blue 
staining cells in the G1N2EBg and the positive control 



G1N2SvBg cultures with no staining cells in the 
pTM1-3gal negative control culture. 
Retroviral-vector-containing producer cell supernatant 
was then used to transduce NIH/3T3 cells. The cells 

5 were harvested 5 days post transduction the cells were 
harvested and assayed for p-gal activity. Functinal 
transfer to 3T3 cells of the p-galactosidase enzyme ac- 
tivity was detected by in situ staining (data not shown), 
and then quantitated by measuring p-gel enzyme activ- 

10 ity in cell extracts; which was shown to be 72 x 10 4 U/ 
mg for G1 N2EBg and 9J> x 1 (^U/mg for G 1 N2SvBg. 
Construction of an EMC human ADA vector. To eval- 
uate the use of IRES elements in the construction of ret- 
roviral vectors for potential human gene therapy appli- 

15 cations, a fusion between the EMC IRES and the human 
adenosine deaminase (ADA) gene was assembled and 
introduced into a retroviral vectors. A DNA fragment 
containing the EMC IRES was synthesized via polymer- 
ase chain reaction (PCR) amplification with the addition 

20 of convenient cloning sites, and used to generate a plas- 
mid (pEMC-F) which contains the EMC IRES without 
flanking T7 RNA polymerase transcription signals. The 
human ADA gene was then synthesized, again using 
PCR, and cloned into the EMC plasmid to generate 

25 pEMCADA. The EMC/ADA fusion was excised from 
pEMCADA and inserted into the retroviral vector G1Na 
yielding GINaEA (Fig.3). 

[0042] DNA for the GINaEA vector and the control 
ADA vector SAX (20), were then used to generate ret- 

30 roviral producer cell lines. Producer cell cocultures were 
grown for 1 week in standard culture medium and then 
selected for stable vector integration by culture for 2 
weeks in the presence of the neomycin analog G418. 
The selected (G418 R ) producer cell populations were 

35 then used to generate vector containing supernatant for 
titer determinations, and subjected to gene expression 
analysis. 

[0043] Figure 3, panel A shows the results of ADA 
starch gel analysis on the G1 NaEA producer cells (lane 

40 2) and SAX control producer cells (lane 1 ), both produc- 
er cell populations make large amounts of human ADA. 
Northern blot analysis (Fig.3, panel B), was then used 
to visualize the RNA transcripts from the two vectors. 
For SAX, a full length LTR transcript as well as the in- 

45 ternal SV40 transcript are seen with the ADA probe 
while only the full length transcript is observed with the 
neo probe (lanes 1 and 3). In the case of G1 NaEA, only 
one full length transcript is identified by Northern blot 
analysis with either the ADA or NEO probe (lanes 2 and 

50 4). 

[0044] Retroviral vector-containing supernatant from 
the producer cell populations were then used to trans- 
duce NIH/3T3 cells as well as determine the vector titer 
on 3T3 cells. Both producer cell populations yielded 
55 good titer vector supernatants with SAX being 1 .9 x 1 0 6 
G41 8 R cfu/ml and G1 NaEA being 1 .2 x 1 0 6 G41 8 R cfu/ 
ml. The G41 8 R 3T3 cells were next assayed for ADA 
activity. ADA starch gel analysis demonstrated function- 
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al transfer of the human ADA gene into the 3T3 cells by 
the G1 NaEA IRES vector (Fig.3, panel A, lane 5). In this 
experiment, the 3T3 cells transduced with control SAX 
vector produced only slightly less human ADA than the 
IRES vector (Fig.3, panel, lane 4). 5 
[0045] Construction of triple gene vectors. To test 
the versatility of IRES elements in the construction of 
complex retroviral vectors, we inserted the EMC/ADA 
fusion gene into two independent double gene vectors 
to generate three gene vectors. The first receipient vec- 10 
tor LSCSN uses the LTR to promote the expression of 
the anti-HIV agent soluble CD4 (sCD4) (21) and an in- 
ternal SV40 early region promoter to drive the NEO se- 
lectable marker gene (21 ). The EMC/ADA fragment was 
introduced after the sCD4 translation stop codon and 5' *5 
to the start of the SV40 promoter to generate LSCEASN 
(Fig.4). LSCEASN DNA was transfected into a packag- 
ing ceil line coculture which was grown for one week 
before being passaged, at limiting dilution, into 
G41 8-containing medium. Twelve G41 8 R producer cell 20 
clones synthesize both the human ADA enzyme and 
produce the sCD4 protein (Fig. 4). 
[0046] The second two-gene retroviral vector used as 
recipient for the EMC/ADA fragment was LNSCt, a vec- 
tor which uses the LTR to drive NEO expression and 25 
has an internal SV40 promoter directing CAT expres- 
sion. EMC/ADA was inserted 3' to the NEO gene stop 
codon and upstream of the SV40 promoter to generate 
LNEASCt (Fig.5). LNEASCt DNA was transfected into 
packaging cells cultured for one week, and then G41 8 R 30 
producer cell clones were isolated by limiting diiution. 
Twelve producer cell clones were expanded and used 
to isolate vector containing supernatant to determine 
G418 R titer, and analyzed for both CAT and ADA gene 
expression. Figure 5 shows that all twelve producer cell 35 
clones had both CAT (panel A) and human ADA (panel 
B) enzyme activity. The titer from the twelve clones 
ranged from 4 x 10 4 G418 R cfu/ml for clone 10 to 4 x 
10 6 G418 R cfu/ml for clone 4. 

[0047] Retroviral vector-containing supernatant from *o 
each of the twelve LNEASCt producer cell clones was 
then used to transduce NIH/3T3 cells. Twelve G418R 
3T3 cell cultures were expanded and assayed for CAT 
and human ADA enzyme activity. CAT activity was doc- 
umented in 12 of 12 3T3 cell cultures (Fig.6, panel A) 45 
and human ADA activity observed in 9 out of 9 tested 
cultures (Fig. 6, panel B). In this particular series of tran- 
sactions, both CAT and human ADA enzyme activities 
were noticeably lower in 3T3 cells than in producer cells 
(Fig.5). Analysis of CAT activity in 3T3 cells generated 50 
using the parent two gene vector LNSCt showed similar 
CAT activity, suggesting that the particular SV40/CAT 
internal gene in this vector is not very active (data not 
shown). 

Construction of a Polio IRES vector. In the next series 55 
of experiments, we isolated the IRES from poliovirus 
and used it to construct a retroviral vector. PCR was 
used to generate a fragment contain the 600 bp IRES 



element from the 5' untranslated region of poliovirus 
(Mahoney strain). The polio IRES was then inserted 3' 
to the NEO stop codon and upstream of a CAT reporter 
gene to generate LNPCt. This vector along with a similar 
EMC IRES construct (GINECt), a LTR driven CAT pos- 
itive control vector (LCSN), and vector containing CAT 
but no IRES sequences (G1 NaNECt) were transfected 
into packaging cell cocultures. The cultures were grown 
for one week in standard medium and then selected for 
vector containing cells by growth for two weeks in G41 8 
containing culture medium. Completely selected cul- 
tures were then harvested and assayed for CAT enzyme 
activity (Fig.7). The data from Figure 7 indicate that the 
polio IRES functions as well as (if not slightly better than) 
the EMC IRES. Both IRES vectors compared favorably 
with the CAT activity driven by the strong LTR promoter 
(LNPCt 70% and GINECt 50% of LCtSN). A small 
amount of CAT activity is seen in the construct without 
an IRES element (GINaENCt). This limited activity may 
be due to initiation at internal AUG codons, as has been 
previously reported in retroviral vectors (22) and the 
mechanism of this leaky expression is under investiga- 
tion. 

[0048] While the present invention has been de- 
scribed in conjunction with specific embodiments there- 
of, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art in 
view of the foregoing description. Accordingly, the in- 
vention is intended to embrace all such alternatives, 
modifications and variations in following within the 
broadest scope and spirit of the following claims. 
[0049] Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings, and are therefore, within the scope of the Ap- 
pended Claims, the invention may be practiced other- 
wise than as particularly described. 
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Claims 

1. A retroviral expression vector capable of express- 
ing multiple proteins from a host genome having in- 
corporated therein: 

a first DNA sequence encoding a first protein 
to be expressed, 

a second DNA sequence encoding a second 
protein to be expressed, 
a first promoter sequence for expressing mR- 
NA from both the first and second DNA se- 
quence and a picornavirus internal ribosome 
entry site between said first and second DNA 
sequences, said promoter sequence, the first 
DNA sequence, the internal ribosome entry site 
and the second DNA sequence being operably 
linked in said retroviral vector to produce poly- 
cistronic mRNA and expression of first and sec- 
ond independent proteins from said mRNA ex- 
pressed by said promoter. 

2. A retroviral expression vector as in claim 1 wherein 
said promoter is comprised of LTR sequences from 



a retroviral genome. 

3. A retroviral expression vector as in claim 1 , wherein 
said picornavirus internal ribosome entry site is 

5 from encephalomyocarditis virus. 

4. A retroviral expression vector as in claim 3, wherein 
said encephalomyocarditis virus internal ribosome 
entry site is from a portion of the encephalomyocar- 

10 ditis virus 5' untranslated region. 

5. A retroviral expression vector as in claim 1 , wherein 
said picornavirus internal ribosome entry site is 
from poliovirus. 

15 

6. A retroviral expression vector as in claim 5, wherein 
said poliovirus internal ribosome entry site is from 
a portion of the poliovirus 5* untranslated region. 

20 7. A packaging cell transfected with the retroviral ex- 
pression vector of claim 1. 

8. A packaging cell transfected with the retroviral ex- 
pression vector of claim 5. 

25 

9. A process for constructing a retroviral vector capa- 
ble of producing polycistronic mRNA and express- 
ing two independent proteins, comprising: 

30 operably linking in a retroviral expression vec- 

tor a first DNA sequence encoding a first protein 
to be expressed, a second DNA sequence en- 
coding a second protein to be expressed, a first 
promoter sequence for expressing mRNA from 
35 both the first and second DNA sequences and 

a picornavirus internal ribosome entry site be- 
tween said first and second DNA sequences. 

10. The process for constructing a retroviral vector ac- 
40 cording to claim 9, further comprising the steps of 

transfecting said retroviral expression vector into a 
packaging cell line and recovering said retroviral 
vector capable of producing polycistronic mRNA 
and expressing two independent proteins from su- 
45 pernatant of said transfected packaging cell line. 

1 1 . A process as in claim 9 or 1 0, wherein said promoter 
is comprised of LTR sequences from a retroviral ge- 
nome. 

50 

12. A process as in claim 9 or 10, wherein said picor- 
navirus internal ribosome entry site is from enceph- 
alomyocarditis. 

55 13. A process as in claim 12, wherein said encephalo- 
myocarditis internal ribosome entry site is from a 
portion of the encephalomyocarditis virus 5' un- 
translated region. 




25 

9. 



30 



35 



10 

40 



45 

11 



9 



15 



EP 0 598 029 B1 



16 



14. A process as in claim 9 or 10, wherein said picor- 
. navirus internal ribosome entry site is from poliovi- 

rus. 

15. A process as in claim 14, wherein said poliovirus 
internal ribosome entry site is from a portion of the 
poliovirus 5' untranslated region. 

16. A retroviral vector obtainable from the process of 
claims 9 or 10. 

17. An animal cell transduced with the retroviral vector 
produced from the process of claim 9 or 10. 

18. A human cell transduced with the retroviral vector 
produced from the process of claim 9 or 10. 



Patentanspruche 

1 . Retroviraler Expressionsvektor, der zur Expression 
von multiplen Proteinen von einem Wirtsgenom fa- 
hig ist, der folgendes aufweist: 

eine erste DNA Sequenz, die fur ein erstes zu 
exprimierendes Protein kodiert, 
eine zweite DNA Sequenz, die fur ein zweites 
zu exprimierendes Protein kodiert, 
eine erste Promotorsequenz zur Expression 
von mRNA sowohl von der ersten als auch 
zweiten DNA Sequenz und 
eine interne Ribosomeneintrittsstelle des Pi- 
cornavirus zwischen der ersten und der zwei- 
ten DNA Sequenz, wobei die Promotorse- 
quenz, die erste DNA Sequenz, die interne Ri- 
bosomeneintrittsstelle und die zweite DNA Se- 
quenz in diesem retroviralen Vektor so operativ 
verbunden sind, daB eine polycistronische mR- 
NA gebildet wird und eine Expression der er- 
sten und zweiten unabhangigen Proteine von 
dieser mRNA stattfindet, die durch diesen Pro- 
motor exprimiert wird. 

2. Retroviraler Expressionsvektor nach Anspruch 1, 
worin der Promotor aus LTR Sequenzen aus einem 
retroviralen Genom besteht. 

3. Retroviraler Expressionsvektor nach Anspruch 1, 
worin die interne Ribosomeneintrittsstelle des Pi- 
cornavirus vom Encephalomyocarditisvirus 
stammt. 

4. Retroviraler Expressionsvektor nach Anspruch 3, 
worin die interne Ribosomeneintrittsstelle des 
Encephalomyocarditisvirus von einem Teil der 5'- 
untranslatierten Region des Encephalomyocardi- 
tisvirus stammt. 



5. Retroviraler Expressionsvektor nach Anspruch 1 , 
worin die interne Ribosomeneintrittsstelle des Pi- 
cornavirus von einem Poliovirus stammt. 

5 6. Retroviraler Expressionsvektor nach Anspruch 5, 
worin die interne Ribosomeneintrittsstelle des Po- 
liovirus von einem Teil der 5'-untranslatierten Regi- 
on des Poliovirus stammt. 

10 . 7. Verpackungszelle, die mit dem retroviralen Expres- 
sionsvektor nach Anspruch 1 transfiziert ist 

8. Verpackungszelle, die mit dem retroviralen Expres- 
sionsvektor nach Anspruch 5 transfiziert ist. 

15 

9. Verfahren zur Konstruktion eines retroviralen Vek- 
tors, der zur Bildung einer polycistronischen mRNA 
fahig ist und zwei unabhangige Proteine exprimiert, 
gekennzeichnet durch 

20 operatives Verbinden einer ersten DNA Sequenz, 
die fur ein erstes zu exprimierendes Protein kodiert, 
einer zweiten DNA Sequenz, die fur ein zweites zu 
exprimierendes Protein kodiert, einer ersten Pro- 
motorsequenz zur Expression der mRNA sowohl 

25 der ersten als auch der zweiten DNA Sequenz und 
einer internen Ribosomeneintrittsstelle des Picor- 
navirus zwischen der ersten und der zweiten DNA 
Sequenz in einem retroviralen Expressionsvektor. 

30 10. Verfahren zur Konstruktion eines retroviralen Vek- 
tors nach Anspruch 9, das ferner die Schritte der 
Transfektion dieses retroviralen Expressionsvek- 
tors in eine Verpackungszellinie und Gewinnen die- 
ses retroviralen Vektors umfaGt, der zur Bildung der 

35 polycistronischen mRNA und zur Expression zwei- 
er unabhangiger Proteine in den Uberstand dieser 
transfizierten Verpackungszellinie fahig ist. 

1 1 . Verfahren nach Anspruch 9 Oder 1 0, worin der Pro- 
40 motor aus LTR Sequenzen eines retroviralen Ge- 

noms stammt. 

12. Verfahren nach Anspruch 9 Oder 10, worin die in- 
terne Ribosomeneintrittsstelle des Picornavirus 

45 vom Encephalomyocarditisvirus stammt. 

13. Verfahren nach Anspruch 12, worin die interne Ri- 
bosomeneintrittsstelle des Encephalomyocarditis- 
virus von einem Teil der 5'-untranslatierten Region 

50 des Encephalomyocarditisvirus stammt. 

14. Verfahren nach Anspruch 9 Oder 10, worin die in- 
terne Ribosomeneintrittsstelle des' Picornavirus 
von einem Poliovirus stammt. 

55 

15. Verfahren nach Anspruch 14, worin die interne Ri- 
bosomeneintrittsstelle des Poliovirus von einem 
Teil der 5'-untranslatierten Region des Poliovirus 
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stammt. 

16. Retroviraler Vektor, der nach dem Verfahren von 
Anspruch 9 Oder 10 erhalten werden kann. 

6 

17. Tierzelle, die mit einem retroviralen Vektor transdu- 
ziert ist, der durch das yerfahren von Anspruch 9 
Oder 10 hergestellt wurde. 

18. Humanzelle, die mit einem retroviralen Vektor 
transduziert ist, der durch das Verfahren von An- 
spruch 9 Oder 1 0 hergestellt wurde. 



Revendications 

1. Vecteur d'expression retroviral capable d'exprimer 
plusieurs proteines a partir d'un genome d'hote 
dans lequel ont ete incorpores : 

une premiere sequence d'ADN codant pour 

une premiere proteine a exprimer, 

une seconde sequence d'ADN codant pour une 

seconde proteine a exprimer, 

une premiere sequence promotrice destinee a 

exprimer un ARNm a partir des deux premiere 

et seconde sequences d'ADN, 

et un site d'entree de ribosomes interne de pi- 

cornavirus entre lesdites premiere et seconde 

sequences d'ADN, 

ladite sequence promotrice, la premiere sequence 
d'ADN, le site d'entree de ribosomes interne et la 
seconde sequence d'ADN etant lies de maniere 
operationnelle dans ledit vecteur retroviral pour pro- 
duire un ARNm polycistronique et I'expression 
d'une premiere proteine et d'une seconde proteine 
independantes a partir dudit ARNm exprime par le- 
dit promoteur. 

2. Vecteur d'expression retroviral selon la revendica- 
tion 1 dans lequel ledit promoteur est compose de 
sequences LTR venant d'un genome retroviral. 

3. Vecteur d'expression retroviral selon la revendica- 
tion 1 dans lequel ledit site d'entree de ribosomes 
interne de picornavirus provient du virus de 
I'encephalomyocardite. 

4. Vecteur d'expression retroviral selon la revendica- 
tion 3 dans lequel ledit site d'entree de ribosomes 
interne de virus d'encephalomyocardite provient 
d'une portion de la region non traduite en 5* du virus 
de I'encephalomyocardite. 

5. Vecteur d'expression retroviral selon la revendica- 
tion i dans lequel ledit site d'entree de ribosomes 
interne de picornavirus provient du poliovirus. 



6. Vecteur d'expression retroviral selon la revendica- 
tion 5 dans lequel ledit site d'entree de ribosomes 
interne de poliovirus provient d'une portion de la re- 
gion non traduite en 5' du poliovirus. 

5 

7. Cellule d'empaquetage transfectee avec le vecteur 
d'expression retroviral de la revendication 1 . 

8. Cellule d'empaquetage transfectee avec le vecteur 
10 d'expression retroviral de la revendication 5. 

9. Procede de construction d'un vecteur retroviral ca- 
pable de produire un ARNm polycistronique et d'ex- 
primer deux proteines independantes, comprenant 

15 les etapes de : 

liaison operationnelle, dans un vecteur d'ex- 
pression retroviral, d'une premiere sequence 
d'ADN codant pour une premiere proteine a ex- 
20 primer, d'une seconde sequence d'ADN codant 

pour une seconde proteine a exprimer, d'une 
premiere sequence promotrice destinee a ex- 
primer un ARNm a partir des deux premiere et 
seconde sequences d'ADN, et d'un site d'en- 
25 tree de ribosomes interne de picornavirus entre 

lesdites premiere et seconde sequences 
d'ADN. 

10. Procede de construction d'un vecteur retroviral se- 
30 ion la revendication 9, comprenant en outre les eta- 
pes de transfection dudit vecteur d'expression re- 
troviral dans une lignee cellulaire d'empaquetage, 
et de recuperation dudit vecteur retroviral capable 
de produire un ARNm polycistronique et d'exprimer 

35 deux proteines independantes a partir du surna- 
geant de ladite lignee cellulaire d'empaquetage 
transfectee. 

1 1 . Procede selon la revendication 9 ou 1 0 dans lequel 
40 ledit promoteur est compose de sequences LTR ve- 
nant d'un genome retroviral. 

1 2. Procede selon la revendication 9 ou 1 0 dans lequel 
ledit site d'entree de ribosomes interne de picorna- 

45 virus provient du virus de I'encephalomyocardite. 

13. Procede selon la revendication 12 dans lequel ledit 
site d'entree de ribosomes interne de virus 
d'encephalomyocardite provient d'une portion de la 

so region non traduite en 5' du virus de I'encephalo- 
myocardite. 

1 4. Procede selon la revendication 9 ou 1 0 dans lequel 
ledit site d'entree de ribosomes interne de picorna- 

55 virus provient du poliovirus. 

15. Procede selon la revendication 14 dans lequel ledit 
site d'entree de ribosomes interne de poliovirus pro- 
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vient d'une portion de la region non traduite en 5' 
du poliovirus. 

16. Vecteur retroviral pouvant etre obtenu a partir du 
procede des revendications 9 ou 1 0. 5 

1 7. Cellule animale transduite avec le vecteur retroviral 
produit a partir du procede de la revendication 9 ou 
10. 

10 

18. Cellule humaine transduite avec le vecteur retrovi- 
ral produit a partir du procede de la revendication 9 
ou10. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



12 



EP 0 598 029 B1 



G1N2ECt 




^ + CAT SV40 NEO ^ 

200 

Producer Cells NIH/3T3 




1 2 3 4 5 



- F t O - 

- .1- 



13 



G1N2EBg 



EP 0 598 029 B1 



NEO EMC 



LacZ 



G1N2SvBg 
f'LTR 




NEO SV40 




LacZ 



No Vector 




G1N2SvBg 



200 bp 




G1N2EBg 



- i a - 

~ z - 



14 



EP 0 598 029 B1 



GINaEA 



^ + " NEO EMC ADA 



SAX 




SV40 ADA 




B. ADA NEO 



200 bp 



-Hu 
-Mo 



LTR— # A * 



SV40- 




12 3 4 



- Pi c - 
~ 5- 



15 



EP 0 598 029 B1 



LSCEASN 
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•ng/ml/1x106 cells/24 hr 
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